Introduction
Diabetic peripheral neuropathy (DPN) is the most common chronic complication of diabetes mellitus [1] . It is the main contributor to diabetic foot ulcers, which are responsible for the majority of non-traumatic amputations, and ultimately increases the risk for mortality in diabetic patients [2, 3] . The pathogenesis of DPN is not well understood, and current Western medicines fail to adequately treat this condition [4] . However, Traditional Chinese medicine (TCM) offers considerable advantages over Western medicine for the treatment of chronic diseases and their associated complications. For example, previous work has shown that TCM fumigation promotes local circulation of blood and lymphatic fluids via stimulation of blood vessels and nerves [5] . Nonetheless, data demonstrating the benefits obtained from TCM fumigation in DPN patients are inconclusive. This systematic review and meta-analysis of randomized controlled trials was conducted in order to evaluate the efficacy of TCM fumigation compared to Western medicine alone in the treatment of patients with DPN.
Materials and methods
The search and screening of all potential studies, extraction of data, assessment of study quality, and analysis and reporting of results in this study were all in accordance with the Preferred Reporting Items for Systematic Review and Metaanalysis [6] and Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [7] . All analyses were conducted on data extracted from previously published studies; therefore, ethical approval and informed consent were not required.
Literature search
Two investigators (L. Zhang and X. Tian) independently searched for potential studies that compared Western medicine and TCM fumigation with Western medicine alone for treatment of DPN listed in PubMed, EMBASE, the Cochrane Central Register of Controlled Trials, Google Scholar, Clinicaltrials.gov (http://clinicaltrials.gov), China Biomedical Literature, Chinese full-text periodical, Wanfang, and China National Knowledge Infrastructure databases up through May 2015. The following search terms were used: "diabet*" OR "diabetes mellitus" (Mesh) AND "peripheral neuropathy" OR "neuritis" (Mesh) OR "peripheral nerve" OR "peripheral neur*" AND "Traditional Chinese medicine fumigation" OR "fumigation*" OR "fumigation" (Mesh) OR "embalm wash" OR "drug fumigation" AND "randomized controlled trial" (publication type) OR "randomized controlled trials as topic" (Mesh) OR "random*" AND human NOT animal. The reference lists of topic-related reviews and eligible studies were also searched to include any latent articles and guarantee the recall ratio.
Only studies published in English or Chinese languages were eligible. Any discrepancies that occurred during the search and selection of literature were resolved by discussion with a third investigator (Y. Ma).
Selection criteria
Selection criteria were specified a priori according to the PICOS acronym: population, all diabetic patients with DPN were eligible [8]; interventions and comparisons, studies comparing the efficacy of Western medicine (methycobal, alprostadil, alpha lipoic acid, ligustrazine, vitamin B1, vitamin B6, or epalrestat) plus TCM fumigation or alone; outcomes, the outcomes included in this study were total effect rate (defined as self-conscious symptom and tendon reflection improvement, electromyography nerve conduction velocity increase <5 m/s, or the traditional Chinese medicine syndrome integral reduce 30% or higher), nerve conduction velocity, vibration perception threshold, and plasma viscosity; study design, only randomized controlled trials were included. Any discrepancies that occurred between authors concerning the eligibility of a study were resolved by consulting a third author (Y.-H. Jing) or by consensus.
Data extraction
The total effective rate and nerve conduction velocity were extracted as primary outcomes, and vibration perception threshold and plasma viscosity were specified as secondary outcome measures of interest in this study. Relevant data were independently extracted from eligible full-text articles by two investigators (L. Zhang and F.-J. Meng) using a predesigned standardized data extraction form. If essential information from an included study was incomplete, the corresponding author of the original study was contacted. Any discrepancies that occurred between authors concerning the extracted data were resolved by consulting a third author (L. Zhang).
Quality assessment
The Cochrane Risk of Bias tool released by the Cochrane Collaboration was used to assess the methodological quality of each of eligible study [7] . Six domains, including selection, performance, detection, attrition, reporting, and other biases, were critically assessed to judge the level of risk of bias of each included study. Each domain was rated as "high," "unclear," or "low" bias risk depending on the degree of matching between information extracted from the study and the assessment criteria [7] . 
Results

Study identification and selection
The initial search identified 312 articles, which were systematically sorted using EndNote (version 7.1) software (Thomson Reuters, New York, NY, USA). Of these, 112 articles were eliminated due to duplication and 103 were excluded after screening the title and abstract. The full-text of the remaining studies were examined, and 57 studies were excluded because their topic of study did not meet our inclusion criteria. Thus, 40 studies [9e48] were eligible for inclusion in the metaanalysis ( Fig. 1 ).
Study characteristics
The characteristics of the included studies are shown in Table  1 . The studies were published between 2007 and 2015, and all were planned and performed by researchers in China. The sample size of each study ranged from 50 to 320 for a total of 3497 patients.
Risk of bias
Of all included studies, 14 [9,12,17,24,27,35e39,43e45,48] conducted appropriate randomization methods, such as the use of random number table; one study [38] utilized a sealed opaque envelope and a specific coordinator to carry out the randomization of group assignment. Only one study [45] utilized blinding of the investigators. Although the number and reason for study dropout were reported in three studies [17, 38, 39 Subgroup analyses of this outcome were conduced based on the duration of intervention (Fig. 2) . Nine studies [11,13e17,42,46,47] comprising 627 patients reported the 15-day total effective rate. There was no significant heterogeneity among these studies (I 2 ¼ 0%, p ¼ 0.52), therefore, a fixed effects model was used. The pooled result indicated that the addition of TCM fumigation significantly improved the treatment of DPN patients (RR ¼ 1.31, 95% CI: 1.21e1.42; p < 0.01). Similar results were found with additional subgroup analyses for treatments after 20 days, 30 days, 40 days, and 60 days (all p < 0.01). Only one study [10] determined the total effective rate 10 days after implementing interventions and found no significant difference between TCM fumigation and Western medicine alone.
Nerve conduction velocity
Common peroneal motor nerve conduction velocity was reported in twelve of the included studies [19,28,29,31e38,40] , which were divided into three subgroups according to when the evaluations were conducted after implementing interventions: 30 days [19, 28, 29] , 40 days [31e33], and 60 days [34e38]. Significant heterogeneity was only detected in the 30-day subgroup (I 2 ¼ 94%, p < 0.01), thus the random effects model was used for this evaluation. The results of these metaanalyses showed that supplementation of Western medicine with TCM fumigation significantly improved common peroneal motor nerve conduction velocity in patients with DPN (all p < 0.05) ( Table 2 ). Similar effects were found with studies evaluating the conduction velocities in the median and tibial nerves (both p < 0.01). Sensory nerve conduction velocity was evaluated in the common peroneal nerve after 40 days in two studies [31, 32] and after 60 days of treatment in six studies [34e38,40] . No statistical heterogeneity was detected, therefore, a fixed effects model was used. The results indicated that TCM fumigation significantly improved common peroneal sensory nerve conduction velocity in patients with DPN (both p < 0.01) ( Table 2 ). Similar effects were found with studies evaluating the conduction velocities in the median sensory nerve (both p < 0.01). 
Vibration perception threshold
Two studies [14, 48] including 128 patients reported vibration perception thresholds assessed 15 days after initiating therapy. There was no significant heterogeneity between the studies (I 2 ¼ 0%, p ¼ 0.58), therefore, a fixed effects model was used. The results showed that there was no significant difference between TCM fumigation and Western medicine compared to Western medicine alone in reducing the vibration perception threshold (mean difference ¼ À1.53, 95% CI: À3.65e0.59; p ¼ 0.16).
Plasma viscosity
Two studies [35, 39] including 175 patients reported on plasma viscosity. There was no significant heterogeneity between the studies (I 2 ¼ 0%, p ¼ 0.44), therefore, a fixed effects model was used. The results indicated that, compared with Western medicine alone, the addition of TCM fumigation significantly decreased plasma viscosity in patients with DPN (SMD ¼ À1.02, 95% CI: À1.35e0.69; p < 0.01).
Publication bias
A funnel plot was constructed to evaluate the potential for publication bias with regard to the total effective rate. The results of an Egger's linear regression indicated that there was no significant publication bias (t ¼ 1.29; p ¼ 0.21) (Fig. 3) .
Discussion
The increase in the prevalence of diabetes mellitus has led to an increase in the incidence of DPN [5] . This loss of sensation from the neuropathy can seriously reduce the patient's quality of life, as well as lead to diabetic foot ulcers and gangrene, or even amputation [49] . Although the pathogenesis of DPN is complex, it is influenced by factors such as metabolism, blood vessels, neurotrophins, and oxidative stress [50] . As a consequence, effective treatments are urgently needed. A multitude of Western medicines have been developed to control DPN. These include such compounds as a methycobal [51] , which can reduce limb numbness and pain, alpha lipoic Studies included in quan ta ve synthesis (meta-analysis) (n = 39) Fig. 1 e Flowchart of the study selection. RCT ¼ randomized controlled trial.
i n t e r n a t i o n a l j o u r n a l o f n u r s i n g s c i e n c e s 2 ( 2 0 1 5 ) 2 9 5 e3 0 3 [35] 80/40 i n t e r n a t i o n a l j o u r n a l o f n u r s i n g s c i e n c e s 2 ( 2 0 1 5 ) 2 9 5 e3 0 3 acid [52] , an antioxidant that helps restore nerve function, and alprostadil [53] , which improves circulation and thus promotes recovery of nerve function. Interestingly, a recent meta-analysis concluded that supplementation of Western medicines with TCM decoction significantly improved treatments for DPN [54] . The results of the current meta-analysis support these findings, showing that TCM fumigation can also significantly improve patient outcomes, specifically, the total effective rate and limb sensory and motor nerve conduction velocities. Diabetes mellitus belongs to the "Xiaoke" category within TCM, with corresponding neurologic complications classified as "Bizheng," "Xuebi," and "Weizheng." In the TCM system, DPN is characterized by pain, numb, stasis, and stubborn, and is termed "Xiaoke-Bizheng." [5] It is further divided into five subtypes based on various pathogeneses, such as "deficiency of both qi and yin," "phlegm stasis Bizu," "blood stasis obstructing the collaterals," "yang deficiency and cold," and "liver-wind stirring" [55] . According to the principle of dialectic therapy, TCMs, such as safflower, cassia twig, ferlate, angelica, and tougucao, were the ones commonly used in the studies included in this meta-analysis. The reported effects of these are as follows: safflower activates the blood and removes stasis, cassia twig warms channels and dredges collaterals, thus activating yang-fluidizing chi, dispelling the cold, and relieving pain; angelica also warms and activates the blood to regulate the channels, relieve pain, and can be used for blood deficiency and stasis; tougucao promotes dehumidification, relaxation of the muscles, stimulates blood circulation, and acts as an analgesic [56] . Combinations of these TCMs have a synergistic effect [57] . Moreover, pharmacologic research has confirmed that safflower [58, 59] , cassia twig [60e62], ferlate [63, 64] , angelica [65] , and tougucao [66] have analgesic, anti-inflammatory, antianaphylactic, antibacterial, and antioxidant effects, and reduce blood lipids levels and viscosity and reduce peripheral vascular resistance.
The results presented here show significant improvement in almost all outcomes measured. In particular, nerve conduction velocities and plasma viscosity were significantly improved in groups who also received TCM fumigation. However, two studies [14, 48] evaluated vibration perception thresholds, and found that there was no significant effect of TCM fumigation. It is possible that the lack of significance was due to the early assessment (after 15 days), which may not have been sufficient time to effectively influence vibration perception thresholds.
There are some limitations of the current meta-analysis that should be noted. First, the TCM fumigation regimes varied among the included studies, which could potentially influence the results. Second, assessment of bias was difficult in many of the studies because of unclear and inadequate descriptions of methodologies. Overall, the quality of the studies was quite low. Thus, additional, high-quality studies are needed to more accurately assess the benefits of TCM fumigation.
Conclusion
The results of this systematic review and meta-analysis show that supplementation of Western medicine with TCM Fig. 3 e Funnel plot for publication bias.
i n t e r n a t i o n a l j o u r n a l o f n u r s i n g s c i e n c e s 2 ( 2 0 1 5 ) 2 9 5 e3 0 3 fumigation significantly improves DPN patient outcomes. TCM fumigation improved the total effective rate, nerve conduction velocity, and plasma viscosity within 15 days of treatment. However, these results should be interpreted with caution due to the low quality of included studies. Additional, high-quality, large-scale randomized controlled trials are warranted to confirm these beneficial effects.
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